A forward genetic screen to study mammalian RNA interference: essential role of RNase IIIa domain of Dicer1 in 3' strand cleavage of dsRNA in vivo.
RNA interference is a major post-transcriptional regulatory pathway in many eukaryotes. The RNase III enzyme Dicer1 processes precursor RNAs into small RNA duplexes to be loaded onto Argonaute proteins, the effector components of RNA-induced silencing complex. Biochemical studies have shown that the RNase IIIa and RNase IIIb domains of Dicer1 cleave the 3' and 5' strands of dsRNAs, respectively, although the in vivo functional significance of this activity remains unclear. Genetic screening of mammalian cells is useful for studying molecular mechanisms at the cellular level. In the present study, we conducted a novel forward genetic screen for mammalian RNA interference components using Chinese hamster ovary cells and successfully obtained several Dicer1 mutant lines. One mutant bore an intriguing Dicer1 allele in which a conserved glutamic acid in the RNase IIIa domain was substituted with a lysine. Our detailed cell biological study demonstrated that the RNase IIIa domain of Dicer1 was essential for generating small RNAs embedded in the 3' stem of exogenous hairpin-like RNAs. In the mutant cells, the expression of endogenous mature microRNAs derived from the 3' stem of pre-microRNA was repressed more severely than that from the 5' stem. Moreover, appropriate processing and loading of small RNAs were required for the dissociation of Argonaute 2 from Dicer1. The data obtained in the present study demonstrate that this screening method represents a promising strategy for the identification of unknown components of mammalian RNA interference pathways and the study of the biological significance of these components at the cellular level.